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MODULAR EUTECTIC-BASED REFRIGERATION SYSTEM 

5 

Field of Invention 

The present invention relates generally to modular refrigeration 
systems and, more specifically, to refrigeration systems that use a cold 
producing unit for removing heat from a desired space and a eutectic-based 
1 0 thermal storage unit to boqst the refrigeration capacity during peak loads. 

Background of the Invention 

Known refrigeration systems generally have used conventional vapor 
compression Rankine cycle devices as the cold producing unit for a given 

15 space. In a typical Rankine cycle apparatus, the refrigerant in the vapor phase 
is compressed in a compressor so as to cause an increase in temperature. The 
hot, high-pressure refrigerant is then circulated through a heat exchanger, 
called a condenser, where it is cooled by heat transfer to the surrounding 
environment. As a result, the refrigerant condenses from a gas back to a 

20 liquid. After leaving the condenser, the refrigerant passes through a throttling 
device where the pressure and the temperature are reduced. The cold 
refrigerant leaves the throttling device and enters a second heat exchanger, 
called an evaporator, located in or near the refrigerated space. Heat transfer 
with the evaporator and the refrigerated space causes the refrigerant to 

25 evaporate or to change from a saturated mixture of liquid and vapor into a 
superheated vapor. The vapor leaving the evaporator is then drawn back into 
the compressor so as to repeat the refrigeration cycle. 

One alternative to the use of a Rankine cycle system is a Stirling cycle 
cooler. The Stirling cycle cooler is also a well-known heat transfer 

30 mechanism. Briefly described, a Stirling cycle cooler compresses and 
expands a gas (typically helium) to produce cooling. This gas shuttles back 
and forth through a regenerator bed to develop much greater temperature 
differentials than may be produced through the normal Rankine compression 
and expansion process. Specifically, a Stirling cooler may use a displacer to 

35 force the gas back and forth through the regenerator bed and a piston to 
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compress and expand the gas. The regenerator bed may be a porous element 
with significant thermal inertia. During operation, the regenerator bed 
develops a temperature gradient. One end of the device thus becomes hot and 
the other end becomes cold. See David Bergeron, Heat Pump Technology 
5 Recommendation for a Terrestrial Battery-Free Solar Refrigerator, 
September 1998. Patents relating to Stirling coolers include U.S. Patent Nos. 
5,678,409; 5,647,217; 5,638,684; 5,596,875; and 4,922,722. 

Stirling cooler units are desirable because they are nonpolluting, 
efficient, and have very few moving parts. The use of Stirling coolers units 

10 has been proposed for conventional refrigerators. See U.S. Patent No. 
5,438,848. The integration of a free-piston Stirling cooler into a conventional 
refrigerated cabinet, however, requires different manufacturing, installation, 
and operational techniques than those used for conventional compressor 
systems. See D.M. Berchowitz et al., Test Results for Stirling Cycle Cooler 

1 5 Domestic Refrigerators, Second International Conference. 

To date, the use of Stirling coolers is not known in refrigerators in 
general and in beverage vending machines, glass door merchandisers 
("GDM's"), and dispensers in particular. Therefore, a need exists for adapting 
Stirling cooler technology to conventional beverage vending machines, 

20 GDM's, dispensers, and the like. 

Regardless of the nature of the cold producing unit, another issue with 
modem refrigeration systems as a whole is the ability to provide cooling in an 
efficient manner even during peak loads. One means to provide additional 
cooling to the system as a whole during such peak load periods is through the 

25 use of a thermal storage unit. Although such thermal storage units in general 
are known in the art, the efficient use of such systems demands that the cold 
producing unit and the thermal storage unit be designed and balanced to 
address the particular use environment intended for refrigeration system. 

As a result, a given refrigeration system may need, for example, a 

30 large capacity cold producing unit while only occasionally needing a thermal 
storage unit, i.e., the system may have a large average heat load but low peak 
demand loads. Likewise, both the cold producing unit and the thermal storage 
unit may need to be maximized for extended peak demand loads. Any 
number of different scenarios may apply. 
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Although a refrigeration system may need to address certain use 
parameters, changing the refrigeration capacity of a given system is often 
difficult. The particular components of the system generally may not be 
expandable or easily modified. Further, the components in the system may 
5 well be proprietary to a given manufacturer such that the components may not 
be interchangeable with those of another manufacturer or even with a 
refrigeration system of a different capacity. The ability to vary the capacity of 
a given system is therefore very limited. 

What is needed, therefore, is a means by which the refrigeration 
10 capacity of a given refrigeration unit may be varied depending upon the 
intended use. The various components of the refrigeration unit therefore must 
be interchangeable and expandable. The cost of such elements, however, 
should be reasonable as compared to known components and units. 

1 5 Summary of the Invention 

The present invention thus provides a refrigeration system for chilling 
an enclosure. The system may include a thermal transfer pathway with a cold 
producing unit and a thermal storage unit connected to the pathway via a 
number of quick disconnect fittings. 

20 Specific embodiments of the invention may include using shut off 

devices as the quick disconnect fittings. The cold producing unit may include 
one or more modular devices. The cold producing unit also may be a Stirling 
cooler, a Rankine cycle device, or a Transcritical Carbon Dioxide cycle 
device. The thermal storage unit may include one or more modular devices. 

25 The thermal storage unit may include a eutectic material, such as a phase 
change material, therein. 

The refrigeration system further may include an enclosure heat 
exchanger connected to the thermal transfer loop. The heat exchanger may be 
positioned for chilling the enclosure. A temperature sensor may be positioned 

30 about the heat exchanger so as to determine the temperature within the 
enclosure. The thermal transfer pathway may include a by-pass valve and a 
by-pass line so as to by-pass the heat exchanger if desired. The by-pass valve 
may shut the heat exchanger when the temperature within the enclosure is at 
or below a predetermined temperature and open the heat exchanger when the 

35 temperature is above the predetermined temperature. A control system may 
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operate the thermal transfer pathway, the by-pass valve, and the cold 
producing unit. The refrigeration system further may include a heat transfer 
block in communication with the enclosure heat exchanger. The heat transfer 
block may include a fluid line therein. 
5 A further embodiment of the present invention may provide for a 

refrigeration system for chilling an enclosure. The system may include a 
thermal transfer pathway with a number of modular cold producing units and 
modular thermal storage units connected thereto. The number of modular 
cold producing units and the number of modular thermal storage units 

10 connected to the thermal transfer pathway may be modified so as to modify 
the capacity of the refrigeration system as a whole. A heat exchanger also 
may be connected to the heat transfer pathway so as to chill the enclosure. 

A method of the present invention may provide for determining the 
configuration of a refrigeration system. The method may include the steps of 

15 determining an expected average heat load for the refrigeration system, 
installing a number of modular cold producing units with a capacity sufficient 
to accommodate the expected average heat load, detennining an expected 
peak demand load for the refrigeration system, and installing a number of 
modular thermal storage units with a capacity sufficient to accommodate the 

20 expected peak demand load. The modular cold producing units may be 
Stirling cooler units and the modular thermal storage units may include a 
eutectic material. 

The method further may include the steps of operating the refrigeration 
system, determining an average heat load for the refrigeration system, and 

25 modifying the number of the modular cold producing units to accommodate 
the average heat load. The step of modifying the number of the modular cold 
producing units may include adding or removing one or more of the units. 
The method further may include the steps of operating the refrigeration 
system, determining a peak demand load for the refrigeration system, and 

30 modifying the number of the modular thermal storage units to accommodate 
the peak demand load. The step of modifying the number of the modular 
thermal storage units may include adding or removing one or more of the 
units. 

The method further may include the steps of revising the expected 
35 average heat load for the refrigeration system and modifying the number of 
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the modular cold producing units to accommodate the expected average heat 
load. The method further may include the steps of modifying the expected 
peak demand load for the refrigeration system and modifying the number of 
the modular thermal storage units to accommodate the expected peak demand 
5 load. 

Brief Description of the Drawings 

Fig. 1 is a front plan view of a refrigeration device. 

Fig, 2 is a schematic view of a modular eutectic-based refrigeration 
1 0 system of the present invention. 

Fig. 3 is a chart showing the various conditions of the refrigeration 
system of Fig. 2. 

Fig. 4 is a schematic view of a refrigeration system with multiple cold 
producing units and a single thermal storage unit. 
15 Fig. 5 is a schematic view of a refrigeration system with multiple cold 

producing units and multiple thermal storage units. 

Fig. 6 is a schematic view of a refrigeration system with multiple cold 
producing units and an expanded thermal storage unit. 

Fig. 7 is a schematic view of a refrigeration system with one cold 
20 producing unit and one thermal storage unit. 

Fig. 8 is a schematic view of a refrigeration system with one cold 
producing unit and multiple thermal storage units. 

Fig. 9 is a schematic view of a refrigeration system with one cold 
producing unit and an expanded thermal storage unit. 
25 Fig. 10 is a schematic view of a refrigeration system using a Stirling 

cooler with the heat transfer loop bypassing the refrigerated cabinet. 

Fig. 1 1 is a schematic view of a refrigeration system using a Stirling 
cooler with the heat transfer loop running through the refrigerated cabinet. 
Fig. 12 is a plan view of a Stirling cooler with a heat exchanger. 
30 Fig. 13 is a schematic view of a refrigeration system with a Ranking 

cycle device. 

Fig. 14 is a schematic view of a modular eutectic-based fountain 
dispenser. 

Fig. 15 is a schematic view of a modular eutectic-based fountain 
35 dispenser. 
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Detailed Description 

With reference to the drawings, in which like numbers indicate like 
elements throughout the several views, a refrigerated device 100 of the present 
5 invention is shown in Fig. 1. The refrigerated device 100 may be a 
conventional refrigerator, a glass door merchandiser, a vending machine, a 
cooler, a beverage dispenser, or any type of refrigerated space. The 
refrigerated device 100 may be controlled by a control system 110. The 
control system 110 may include a conventional microprocessor. The 

10 programming of the control system 110 may be in any conventional 
programming language. The control system 110 may include one or more 
temperature sensor 120 so as to determine the temperatures within or adjacent 
to the refrigerated device 100. 

The refrigerated device 100 may have an outer insulated frame 130. 

15 The insulated frame 130 may be made out of expanded polystyrene foam, 
polyurethane foam, or similar types of insulating materials. The insulated 
frame 130 may include a refrigeration deck area 140 and a refrigerated 
compartment 150. The refrigeration components, as described in more detail 
below, may be positioned within the refrigeration deck area 140. The 

20 refrigeration deck area 140 and the refrigerated compartment 150 are 
generally in communication so as to circulate chilled air through the 
refrigerated compartment 150. One of the temperature sensors 120, a cabinet 
sensor 125, may be positioned within or in communication with the 
refrigerated compartment 150. The refrigerated compartment 150 also may 

25 have one or more fans 160 or other type of air movement device positioned 
therein. 

A plurality of products 170 may be positioned and cooled within the 
refrigerated compartment 150. The products 170 may be any type of goods 
intended to be chilled, such as beverage containers and the like. Although 
30 only one row of products 170 is shown, the refrigerated compartment 150 may 
hold as many products 170 as desired in any configuration. The products 170 
also may include one or more fluid streams as may be used in a beverage 
dispenser. 

Fig. 2 shows a refrigeration system 200 of the present invention. A 
35 portion of the refrigeration system 200 may be positioned within the 
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refrigeration deck area 140 of the refrigerated device 100. The rest of the 
refrigeration system 200 may be positioned within or adjacent to the 
refrigerated compartment 150. The refrigeration system 200 may include a 
modular cold producing unit 210. As is described in more detail below, the 
5 cold producing unit 210 may be a Stirling cycle cooler, a Rankine cycle 
device, a Transcritical Carbon Dioxide cycle device, or similar types of 
chilling devices. 

The cold producing unit 210 may be connected to a heat transfer loop 
220 via a heat exchanger 230. In this embodiment, the heat transfer loop 220 

10 may be a secondary liquid refrigerant loop. The heat transfer loop 220 may be 
made out of a tubing 240. The tubing 240 may be made out of metals such as 
stainless steel, copper, or aluminum; plastics such as vinyl or nylon; 
composite materials; or similar types of materials. The heat transfer loop 220 
may be insulated. In addition to a secondary liquid refrigeration loop, other 

15 types of heat transfer mechanisms may be used such as a primary refrigerant 
loop, a thermosiphon, a conduction-based system, and similar devices. A 
thermosiphon-based system is described in commonly owned U.S. Patent 
Application No. 09/813,618, filed on March 21, 2001. As used with the heat 
transfer loop 220, the heat exchanger 230 herein may be a fluid heat 

20 exchanger. Depending upon the nature of the cold producing unit 210 and the 
heat transfer loop 220, however, other types of heat exchangers may be used 
such as a solid heat exchanger and similar devices. 

The heat transfer loop 220 may circulate a heat transfer fluid 225 via a 
pump 250. The pump 250 may be a conventional centrifugal, positive 

25 displacement-type, or a similar type of device. The pump 250 may have a 
capacity of about 500 to 20000 milliliters per minute. The heat transfer fluid 
225 may be water, alcohols such as methanol or propanol, or similar types of 
fluids with good thermal transfer characteristics. 

A modular thermal storage unit 260 also may be positioned in the heat 

30 transfer loop 220. The thermal storage unit 260 may include an insulated 
container 270. The insulated container 270 may be made out of expanded 
polystyrene, polyurethane foam, or similar types of insulated materials. The 
container 270 may be filled with a eutectic or eutectic-type material 280. The 
eutectic material 280 may be a phase change material such as water or an 

35 aqueous solution including, for example, salts, alcohols such as glycol, or 
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similar types of materials. The temperature of the eutectic material 280 may 
be monitored by one of the temperature sensors 120, a eutectic sensor 285, in 
communication with the control system 110. The heat transfer loop 220 may 
take the form of a heat exchanger 290 as it passes through the container 270. 
5 The heat exchanger 290 preferably is configured to maximize the surface 
contact area between the heat exchanger 290 and the eutectic material 280. 
As is shown, the heat exchanger 290 may take a serpentine path or a similar 
path. 

The heat transfer loop 220 may then continue out of the refrigeration 

10 deck area 140 and into or adjacent to the refrigerated compartment 150. 
Positioned within or adjacent to the refrigerated compartment 150 may be a 
cabinet heat exchanger 300. The cabinet heat exchanger 300 also may be a 
fluid heat exchanger given the use of the secondary liquid refrigeration loop as 
the heat transfer loop 220. A solid heat exchanger or other type of heat 

15 transfer device also may be used. The cabinet heat exchanger 300 may take 
the shape of the serpentine path. The cabinet heat exchanger 300 may be 
positioned within or in thermal communication with the refrigerated 
compartment 150 so as to chill the space and the products 170 therein. The 
fan 160 may be positioned adjacent to the cabinet heat exchanger 300. 

20 The cabinet heat exchanger 300 may be connected to the heat transfer 

loop 220 via a by-pass valve 310. The by-pass valve 310 may be a 
conventional multi-directional valve, a solenoid valve, or similar types of 
devices. The by-pass valve 310 thus permits the heat transfer fluid 225 to 
flow either through the cabinet heat exchanger 300 or through a by-pass line 

25 320. The by-pass line 320 later rejoins the heat transfer loop 220 on the other 
side of the cabinet heat exchanger 300 at a T-joint 315 or a similar type of 
structure. The control system 205 may be programmed so as to open or close 
the by-pass valve 310 depending upon the temperature within the refrigerated 
compartment 150 as determined with by the sensor 120. The operation of the 

30 by-pass valve 310 is described in more detail below. The heat transfer loop 
220 may then return to the refrigeration deck area 140 and back to the cold 
producing unit 210. 

Each of the elements of the refrigeration system 200 may be connected 
to the heat transfer loop 220 via a quick disconnect fitting 330. The quick 

35 disconnect fittings 330 allow the individual components to be removed from 
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or added to the refrigeration system 200 in a fast and efficient manner. The 
use of the quick disconnect fittings 330 also allows the refrigeration system 
200 to be expanded or otherwise revised. The quick disconnect fittings 330 
may include shut off-type valves that allow the tubing 240 of the heat transfer 
5 loop 220 to be disconnected quickly. The fittings 330 may be self-sealing. 
Other examples of quick disconnect fittings 330 may be provided by CPC 
Colder Products, Inc. of St. Paul, Minnesota and found at 
www.colderproducts.com. 

In use, the refrigeration system 200 may rely upon the control system 

10 1 10 and the temperature sensors 120 to determine the temperature within the 
thermal storage unit 260 and the refrigerated compartment 150. Fig. 3 shows 
a control matrix for operation of the by-pass valve 310 and the other 
components of the refrigeration system 200. As is shown, the control system 
110 will direct the by-pass valve to allow the heat transfer fluid 225 to run 

15 through the cabinet heat exchanger 300 when the cabinet temperature sensor 
125 senses that the refrigerated compartment 150 is too warm as compared to 
a predetermined set point. The refrigeration system 200 thus may use the 
combination of the cold producing unit 210 and the thermal storage unit 260 
to bring the temperature in the refrigerated compartment 150 to its set point. 

20 Likewise, the control system 110 also may direct the by-pass valve 310 to 
send the heat transfer fluid 225 into the by-pass line 320 so as to bypass the 
cabinet heat exchanger 300 if the refrigerated compartment 150 is either at its 
set point or too cold. The cold producing unit 210 thus may chill the eutectic 
material 280 within the thermal storage unit 260. 

25 The capacity at which the cold producing unit 210 operates, in this 

case the Stirling cycle cooler, also may depend upon whether the eutectic 
material 280 within the thermal storage unit 260 is too warm, too cold, or at 
its set point as determined by the eutectic temperature sensor 285. The cold 
producing unit 210 may need to operate at its peak capacity if both the 

30 eutectic material 280 within the thermal storage unit 260 and the refrigerated 
compartment 150 are too warm or even if the refrigerated compartment 150 is 
at its set point but the thermal storage unit 260 is too warm. Conversely, the 
cold producing unit 210 may be modulated to very low power or turned off if 
the thermal storage unit 260 and the refrigerated compartment 150 are too 
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cold or even if the refrigerated compartment 150 is at its set point but the 
thermal storage unit 260 is too cold. 

Because the individual components in the refrigeration system 200 are 
modular and may be connected and disconnected via the quick disconnect 
5 fittings 330, the refrigeration system 100 may be sized for the intended use of 
the refrigerated device 100 as a whole. The refrigeration capacity of the 
refrigeration system 200 preferably may be sized to exceed the average total 
heat load expected within the refrigerated compartment 150 during a typical 
duty cycle. Selecting the appropriate number and/or size of the cold 

10 producing units 210 may modify the total refrigeration capacity of the 
refrigeration system 200. Each cold producing unit 210 may have a given 
refrigeration capacity such that the combination of units 210 provides the 
predetermined capacity or a single cold producing unit 210 with the 
predetermined refrigeration capacity may be used. 

1 5 Likewise, the heat storage capacity of the refrigeration system 200 also 

may be sized to provide the additional refrigeration needed above the 
refrigeration capacity of the cold producing units 210 during peak periods of 
demand. Selecting the appropriate number and/or size of the thermal storage 
units 260 may modify the total heat storage capacity of the refrigeration 

20 system 200. Each thermal storage unit 260 may have a given eutectic mass 
such that the combination of units 260 provides the predetermined capacity or 
a single thermal storage unit 260 with the predetermined mass may be used. 

For example, Fig. 4 shows a refrigeration system 340 sized for a large 
average heat load but low peak demand loads. As such, multiple cold 

25 producing units 210 may be used with a single thermal storage unit 260. In 
this example, the refrigerated compartment 150 may have a refrigerated area 
of approximately 750 liters. In order to maintain the refrigerated compartment 
150 at about zero (0) to four (4) degrees Celsius, three (3) cold producing 
units 210, in this case Stirling cycle coolers, each may have a capacity of 

30 about 680 to 1,020 BTU/hour. Alternatively, a single cold producing unit 210 
with a capacity of about 2,040 to 3,060 BTU/hour may be used. Because peak 
demands loads are expected to be low, the thermal storage unit may have a 
capacity of about 4,000 to 6,000 BTU. Peak demand loads may occur, for 
example, when the refrigerated compartment 150 is open to the ambient 
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environment during use or loading or during dispensing operations in a 
beverage dispenser. 

Fig. 5 shows a refrigeration system 350 sized for a large average heat 
load and high peak demand loads. Because the peak demand loads are higher 

5 than those expected from the refrigeration system 340 of Fig. 4, the 
refrigeration system 350 of Fig. 5 may use three (3) thermal storage units with 
a capacity each of about 4,000 to 6,000 BTU. Alternatively as is shown in 
Fig. 6, a refrigeration system 355 with a single thermal storage unit 260 
having a capacity of about 12,000 to 18,000 BTU may be used. The cold 

10 producing units 210 used herein may have the same or a similar capacity to 
those described above in Fig. 4 for the large average heat loads. 

Fig. 7 shows a refrigeration system 360 designed for a small average 
heat load and low peak demands loads. A single cold producing unit 210 with 
a capacity of about 680 to 1,020 BTU/hour and a single thermal storage unit 

1 5 260 with a capacity of about 4,000 to 6000 BTU may be used. 

Fig. 8 shows a refrigeration system 370 sized for a small average heat 
load and high peak demand loads. In this case, a single cold producing unit 
210 with a capacity of about 680 to 1,020 BTU/hour may be used. Three (3) 
thermal storage units 260, each with a capacity of about 4,000 to 6000 BTU 

20 also may be used to accommodate the expected high peak demand loads. 
Alternatively as is shown in Fig. 9, a refrigeration system 375 with a single 
thermal storage unit 260 having a capacity of about 12,000 to 18,000 may be 
used. 

As is shown, the cold producing capacity and the thermal storage 
25 capacity of the refrigeration system 200 as a whole may be varied by the 
addition of any number or size of the cold producing units 210 and the thermal 
storage units 260. The refrigeration system 200 thus may be modified for any 
intended use of the refrigeration device 100 as a whole. Further, modification 
of the refrigeration system 200 is vastly simplified in that the various 
30 components may be added or subtracted via the quick disconnects fittings 330. 
Any number of cold producing units 210 or thermal storage units 260 may be 
used. 

Figs. 10 and 11 show a refrigeration system 400 according to the 
present invention. In this system, the cold producing unit 210 is a Stirling 
35 cycle cooler 410. A particularly useful type of Stirling cooler 410 is a free 
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piston Stirling cooler. A free piston Stirling cooler useful in the present 
invention is available from Global Cooling of Athens, Ohio. Other Stirling 
coolers 410 useful in the present invention are shown in U.S. Patent Numbers 
5,678,409; 5,647,217; 5,638,684; 5,596,875; 5,438,848; and 4,922,722. Any 
5 conventional type of free piston Stirling cooler, however, may be used herein. 
As is well known, the Stirling cooler 410 may have a cold portion 490 and a 
hot portion 500. 

The cold portion 490 of the Stirling cooler 410 may be connected to 
the heat transfer loop 220 via the heat exchanger 230. As is described above, 

10 the heat transfer loop 220 runs through the thermal storage unit 260 to the by- 
pass valve 310. The by-pass valve 310 directs the flow of the heat transfer 
fluid 225 either back towards the cold producing unit 210 as is shown in Fig. 
10 or towards the cabinet heat exchanger 300 as is shown in Fig. 1 1 . 

Fig. 12 shows a heat exchanger 510 intended for use with the Stirling 

15 cooler 410. The heat exchanger 510 may have a number of fins 520 attached 
to the cold portion 490 of the Stirling cooler 410. The fins 520 may be 
positioned within a plenum 530. The plenum 530 allows the heat transfer 
fluid 225 within the heat transfer loop 220 to flow through the fins 520 for 
heat transfer therewith. Heat within the heat transfer fluid 225 is removed by 

20 the fins 520 and the cold portion 490 and transferred to the hot portion 500. 
The heat is then transferred from the hot portion 500 of the Stirling cooler 410 
out of the refrigeration system 400 as is well known in the art. As is shown, 
this cold producing unit 210 and the heat exchanger 510 may be removed 
and/or added via the quick disconnect fittings 330. Any conventional type of 

25 heat exchanger may be used herein. 

Fig. 13 shows a refrigeration system 550 for use with the present 
invention. The cold producing unit 210 used herein may be either a Rankine 
cycle or a Transcritical Carbon Dioxide cycle system. In either case, the cold 
producing unit 210 may include a compressor 560, a condenser 570, and a 

30 flow restricting device 580. The operation of these components is well known 
in the art and will not be repeated here. These components are used with a 
heat exchanger 590 as shown therein. The heat exchanger 590 may be a fluid 
heat exchanger or other type of conventional design. This cold producing unit 
210 and the heat exchanger 590 also may be removed and/or added via the 

35 quick disconnect fittings 330. 
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Fig. 14 shows an alternative to the refrigerated device 100. In this 
case, a beverage dispenser 600 is shown. The beverage dispenser 600 may be 
used with the refrigeration system 200 as described above. In this case, the 
cabinet heat exchanger 300 is positioned within a block 610 of heat 
5 conducting material. The block of heat conducting material 610 may be made 
out of aluminum or similar types of materials with good heat transfer 
characteristics. Also positioned within the block 610 may be a product line 
620, A beverage to be chilled may run through the product line 620 for heat 
transfer with the block 610. The temperature of the block 610 may be 

10 controlled in a matter similar to that described above with respect to the 
refrigerated compartment 150. The components herein all may be connected 
by the quick disconnect fittings 330 as is described above. 

Fig. 15 shows a further alternative to the refrigerated device 100, a 
beverage dispenser 630. In this case, the eutectic material 280 within the 

1 5 thermal storage unit 260 may be water. The beverage dispenser 630 also may 
have a heat transfer loop 640 that circulates the heat transfer fluid 225 
between the thermal storage unit 260 and the cold producing unit 210. The 
thermal storage unit 260 may be expanded and may include one or more 
product lines 650. The thermal storage unit 260 also may include an agitator 

20 660 therein to maintain the water adjacent to the product lines 650 in liquid 
form and control the growth of an ice bank therein. A beverage to be chilled 
may flow through one of the product lines 650 so as to provide heat transfer 
with the eutectic material 280. 



WO 03/012350 PCT/US02/23952 

• » 

14 



Claims 

We claim: 

1 . A refrigeration system for chilling an enclosure, comprising: 
5 a thermal transfer pathway; 

a cold producing unit connected to said thermal transfer pathway; 
a thermal storage unit connected to said thermal transfer pathway; and 
said cold producing unit and said thermal storage unit connected to 
said thermal transfer pathway via a plurality of quick disconnect fittings. 

10 

2. The refrigeration system of claim 1, wherein said quick 
disconnect fittings comprise shut off devices. 

3. The refrigeration system of claim 1, wherein said cold 
1 5 producing unit comprises one or more modular devices. 

4. The refrigeration system of claim 1, wherein said cold 
producing unit comprises a Stirling cooler. 

20 5. The refrigeration system of claim 1, wherein said cold 

producing unit comprises a Rankine cycle device. 

6. The refrigeration system of claim 1, wherein said thermal 
storage unit comprises one or more modular devices. 

25 

7. The refrigeration system of claim 1, wherein said thermal 
storage unit comprises a eutectic material therein. 

8. The refrigeration system of claim 1, further comprising an 
30 enclosure heat exchanger connected to said thermal transfer loop, said 

enclosure heat exchanger positioned for chilling said enclosure. 

9. The refrigeration system of claim 8, further comprising a 
temperature sensor positioned about said enclosure heat exchanger so as to 

3 5 determine the temperature within said enclosure. 
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10. The refrigeration system of claim 8, wherein said thermal 
transfer pathway comprises a by-pass valve positioned adjacent to said 
enclosure heat exchanger so as to by-pass said enclosure heat exchanger if 
desired. 

5 

11. The refrigeration system of claim 10, wherein said thermal 
transfer pathway comprises a by-pass line connected to said by-pass valve. 

12. The refrigeration system of claim 10, wherein said by-pass 
10 valve shuts said enclosure heat exchanger when the temperature within said 

enclosure is at or below a predetermined temperature. 

13. The refrigeration system of claim 10, wherein said by-pass 
valve opens said enclosure heat exchanger when the temperature within said 

1 5 enclosure is above said predetermined temperature. 

14. The refrigeration system of claim 8, further comprising a heat 
transfer block in communication with said enclosure heat exchanger. 



20 



1 5. The refrigeration system of claim 14, wherein said heat transfer 
block comprises a fluid line therein. 



16 



16. A refrigeration system for chilling an enclosure, comprising: 
a thermal transfer pathway; 

a number of modular cold producing units connected to said thermal 
transfer pathway; 

wherein said number of modular cold producing units connected to 
said thermal transfer pathway may be modified so as to modify a total cold 
producing capacity of said refrigeration system; 

a number of modular thermal storage units connected to said thermal 
transfer pathway; 

wherein said number of modular thermal storage units connected to 
said thermal transfer pathway may be modified so as to modify a total thermal 
storage capacity of said refrigeration system; and 

a heat exchanger connected to said heat transfer pathway, said heat 
exchanger positioned so as to chill said enclosure. 

17. A method for determining the configuration of a refrigeration 
system, comprising the steps of: 

determining an expected average heat load for said refrigeration 

system; 

installing a plurality of modular cold producing units with a capacity 
sufficient to accommodate said expected average heat load; 

determining an expected peak demand load for said refrigeration 
system; and 

installing a plurality of modular thermal storage units with a capacity 
sufficient to accommodate said expected peak demand load. 

18. The method of claim 17, further comprising the steps of: 
operating said refrigeration system; 

determining an average heat load for said refrigeration system; and 
modifying a number of said plurality of modular cold producing units 
to accommodate said average heat load. 
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19. The method of claim 17, further comprising the steps of: 
operating said refrigeration system; 

determining a peak demand load for said refrigeration system; and 
modifying a number of said plurality of modular thermal storage units 
5 to accommodate said peak demand load. 

20. The method of claim 17, further comprising the steps of: 
revising said expected average heat load for said refrigeration system; 

and 

10 modifying a number of said plurality of modular cold producing units 

to accommodate said expected average heat load. 

21 . The method of claim 17, further comprising the steps of: 
modifying said expected peak demand load for said refrigeration 

15 system; and 

modifying a number of said plurality of modular thermal storage units 
to accommodate said expected peak demand load. 

22. The method of claim 17, wherein said plurality of modular cold 
20 producing units comprise Stirling cooler units. 



23. The method of claim 17, wherein said plurality of modular 
thermal storage units comprise a eutectic material. 
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Notes: 1 . The pump operates at a percent of max flowrate proportional to the Sibling's 
percent of max power 

2. The fan runs at medium speed to reduce power sonsumption while maintaining 
uniform temperature distribution 

3. The Eutectic set point is a few degrees below it's freezing point to ensure that 
it is completely frozen 
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